Convulsive syncope due to transient bradycardia is recognized as a cause of treatment-resistant seizures. However, the diagnosis may be difficult to make with conventional electrocardiographic devices if attacks are infrequent. We present a case of apparent epilepsy in which a new implantable electrocardiographic event recorder (the 'Reveal' insertable loop recorder) was used to show that attacks were caused by prolonged asystole of up to 36 s in duration. The insertable loop recorder may have an important role in the investigation of patients with treatment-resistant seizures, particularly where there is a strong suspicion of an underlying cardiac arrhythmia.
Introduction
The extent of the problem of misdiagnosis of epilepsy is unclear but up to one third of patients initially diagnosed as having epilepsy may be misdiagnosed 1 . The likeliest diagnosis in such patients is reflex syncope. In some patients, syncope can be produced by prolonged head-up tilting or carotid sinus massage 2 . In patients with normal resting 12-lead ECG, carotid sinus massage and head-up tilt, transient bradyarrhythmias are a probable cause 3 . However, the limitations of conventional ECG recording tools (Holter, cardiomemo, external loop recorders) rarely allow definitive diagnosis of arrhythmic convulsive syncope by symptom-ECG correlation if attacks are infrequent. We present a case where a new implantable patient-activated ECG recorder with a battery life of over 12 months and a long retrospective recording period was used successfully to diagnose infrequent seizure-like episodes caused by asystolic pauses. § E-mail: ami@mhc.cmht.nwest.nhs.uk
Case Report
A 42-year-old man was referred for cardiological assessment. He gave a 15-year history of recurrent loss of consciousness. Initially the episodes of loss of consciousness had occurred on a monthly basis, always within 2 hours of waking. He described an initial 'nightmarish rush of fear' for 10 s often with déjà vu followed by loss of consciousness for 10-60 s. He often became 'rigid' but there was no clear history of shaking. There was no history of tongue biting or incontinence. On recovery, he was usually orientated but hot, sweaty and hungry. In 1984 he had undergone a neurological assessment. An EEG, CT brain scan and Holter monitoring were all normal and he was discharged without a clear diagnosis. He had no attacks for the next 5 years but in 1989 he became suddenly unconscious at the wheel of his car and was involved in a road traffic accident. He was admitted to the local district hospital for further investigation. The possibility of reactive hypoglycaemia was raised because of At the time of his seizure-like episode, the heart rate slows over six cardiac cycles leading to an asystolic pause of 36 s, following which there is a short period of complete AV block before sinus rhythm is restored.
his history of hunger on recovering from blackouts. However, a prolonged glucose tolerance test was normal as were a further EEG and CT brain scan. The following year he suffered another abrupt loss of consciousness while driving and was referred for a further neurological assessment. His attacks were felt to be 'definitely complex partial seizures with secondary generalization' and he was commenced on sodium valproate. Another EEG and 24-hour EEG were normal. He had no attacks for 3 years but had several blackouts in 1993. Once more a CT brain scan and an EEG were normal. His sodium valproate was increased to 500 mg qds but he continued to have predominantly nocturnal attacks, approximately 15 over the next 4 years. He was subsequently referred to the epilepsy clinic at Manchester Royal Infirmary. It was felt that his attacks were more in keeping with syncope than epilepsy. The anticonvulsant was stopped and he was referred for cardiological assessment.
Resting
-month battery life, became available for clinical use (see Fig. 1 ). The patient had such a device implanted in August 1998. Within 2 weeks of implantation, he made two recordings (the device requires activation through a small external activator, see Fig. 1 ), which showed prolonged asystole for up to 36 s at the time of syncope (Fig. 2) . He has now undergone a permanent pacemaker insertion and is asymptomatic.
Discussion
The diagnosis of bradycardia-related syncope is entirely dependent on the simultaneous occurrence of symptoms and ECG recording. Holter monitoring is widely used to diagnose bradyarrhythmias but the true diagnostic yield of continuous 72-hour Holter monitoring (i.e. symptomatic correlation with a significant arrhythmia) is no more than 2-4% in syncope 4 . In patients with normal Holter monitoring, but a strong suspicion of bradycardia-induced convulsive syncope, more prolonged ECG monitoring may be necessary. This may be performed by repeated Holter monitoring, but this is logistically difficult and is associated with a diminishing yield 4 . Electrocardiographic event recorders, such as the cardiomemo, are also of limited value because of the need for patient activation at the onset of symptoms, prior to collapse. In patients with a short or absent prodrome, this may prove impossible. Patient-activated external loop recorders with a short retrograde memory may be useful in these circumstances but results have been disappointing due to problems with device malfunction, patient non-compliance and the inability of patients to activate the device shortly after the episode 5 .
The 'Reveal' insertable loop recorder (Medtronic, Inc.) offers an effective means of diagnosing patients with infrequent arrhythmic syncope 6 . It provides retrospective ECG recordings of up to 39 minutes prior to device activation allowing accurate correlation of symptoms with cardiac rhythm, even in patients with prolonged unconsciousness. Data including hard copies of relevant ECGs can be downloaded using a hand-held programmer and printed out on a high quality laser printer. The device is implanted subcutaneously under local anaesthetic, normally in the left precordium, although the right precordium and submammary region can also be used. A typical procedure time is 30 minutes and patients can be discharged within a few minutes of implantation. The cosmetic result is normally excellent. In a multi-centre study of 85 patients with recurrent unexplained syncope who received an insertable loop recorder, a positive diagnosis was reached in 50 patients over a mean follow-up period of 10 months, with mean time to first recording 2.3 months 7 . Its value remains limited by the need for patient activation but automatic capture of arrhythmias will be incorporated into the next generation of devices.
In the case presented here, the exact diagnosis is unclear. The ECG recordings from the insertable loop recorder showed no evidence of atrial activity during attacks, excluding transient atrioventricular block. This suggests vagal hypertonia despite the absence of overt abnormalities in autonomic function on provocative testing. The attacks are similar to the descriptions of 'vasovagal' epilepsy by Kinnier Wilson in the early part of the century 8 . He believed that the mechanism of these attacks was 'instability' of the vagus nucleus and vasomotor centre in the brain stem. At present, we have no better explanation for such extraordinary phenomena.
